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INTRODUCTION
This thesis is based upon the results of an investigation 
of the periphyton of a living aquatic plant. Nasturtium officinale 
R. Br, The material was collected in a slough fourteen miles east of 
Missoula on the south side of the Clark Fork River. The major objec­
tive of the study was to find how different genera fluctuate in num­
bers in relation to each other during different seasons of the year. 
Effects of some ecological factors were also included.
Periphyton is defined in a broad sense in this study, as 
those organisms adhering to the surface of any submerged object. Some 
authors restrict the use of this term to those organisms adhering only 
to plants, German authors (Seligo, 1905 and Hentschel, 1915) use the 
terms Aufwuchs or Bewuchs. which have the broader connotation. Wilier 
(1920) used Aufwuchs to specify those organisms occurring on living 
substrata, and Bewuchs. those on dead substrata. For those periphytic 
organisms found on the bottom the word benthos is sometimes used. In 
addition, the term epilithic has been used to designate those organisms 
living only on inorganic substrata (Ruttner, 1954)•
-1-
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LOCATION
The slough is located on County Route 4-6 about five miles 
south, south-east of Bonner. (Map l). The slough runs parallel to 
the Clark Fork River and is located where the old river bed was be­
fore the railroad was put in, (Map II). There is little chance of 
seepage now except perhaps in early spring when the water level in 
the river is high. The water in the slough is spring fed from an 
inlet across the road.
An outline of the slough and immediate surroundings is 
shown in Map II. On the south, south-west side of the slough there 
are mountains which come down just in back of the farmhouse. Be- 
teen the beaver dam and the mountains there is a large stand of 
ponderosa pine, which extends up the mountain along with Douglas 
fir and larch. Near the dirt road and the slough, however, most 
of the trees are black cottonwood, lowland alder, willow sp„, and 
water birch. The shore on the south, south-west side of the slough 
is more or less flat with very little bank so that marshy places 
occur. In contrast, the opposite bank is about four feet at the 
earth dam. In or near the slough children, dogs, and fishermen 
are the main disturbances, and occasionally there are signs of 
horses, cattle, and deer.
General collections were taken near the shore at the 
collecting area. These included the following plants: Ranunculus 
trichophyllus. Nitella sp., Lemna minor, Lemna trisulca. Spirogyra
—2""
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sp*, Rhlzoclonlum sp,, Characlum sp,, Ulothrix sp., Closterlum sp., 
Mlcrothainnion sp, (on wooden box). Animals found in the same 
area were: Salvelinus fontinalis, Gastrotricha, Corixidae, Ostracoda, 
Chironomidae, Hyalella sp., and Cyclops sp.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIELD METHODS
Bimonthly collections of periphyton were made at regular 
intervals starting in February 1959 and continuing through February 
i960, with the exception of January I960. Collecting from the Nas­
turtium was done by facing the current and wading out to the desig­
nated collecting area, being careful not to disturb the water or the 
bottom so that organisms would not be knocked off or covered with 
mud and silt. The top of a plant near the edge of the floating mat 
was grasped and cut at approximately 15 cm. from the apex. Then it 
was slowly drawn out of the water so that minimum disturbance and 
dripping occurred. The stem was denuded of any leaves or roots, sec­
tioned, and placed in a collecting bottle. From 2 to 5 samples were 
taken in this way, each bottle containing the sections from only one 
plant.
Several preservatives were tried in an attempt to separate 
clumped organisms from each other, but none was successful. Some 
of these were 3-3-1 end 6-3-1 (water, 95$ alcohol, and commercial 
formalin, respectively), Sequestrene, Phenol, formalin, HCl, FAA 
(10 cc. commercial formalin, 50 cc. 95$ alcohol, 5 cc. glacial ace­
tic acid, and 35 cc. water), and detergent solutions. FAA was used 
as a constant.
At the time of each collection, records were made of the 
meteorological condition^ the water level, air and water temperatures, 
wind velocity, the conditions of the Nasturtium mat, and other phenomena.
- 6-
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The pH was taken for most of the collections with a Beckman pH meter, 
In the laboratory, the sections were scraped with a razor blade and 
and washed with the preservative to remove the periphyton. The 
scraped stem sections were then discarded.
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LABORATORY METHODS
Examinations were made of bimonthly samples of the peri­
phyton. Those organisms which were too large to be picked up by a 
pipette were treated in the following manner. A sample was mixed 
by rotating the sample bottle and was then poured into the bottom 
half of a petri dish. The top of this petri dish was marked with 
a grid, each square of which was approximately the diameter of one 
field of view. By placing the bottom portion of the dish inside 
the inverted top, it was possible to move it over the grid under 
20X power of a stereoscopic microscope without seeing any organism 
more than once. When analysis was completed, the material was poured 
back into the original bottle.
For detailed microscopic analyses, a drop of the concentrate 
from a pipette was placed 'on a slide and covered with a 22 mm. square 
eoverslip, A Zeiss compound microscope, which was equipped with a 
mechanical stage and with both regular and phase objectives, was 
used. Phase 400% was employed for identification, counts, and draw- 
Ings. In one ocular there was a Whipple Ocular Micrometer, whose grid 
was used in delimiting the area in the field and in measuring the or­
ganisms in view. Analysis was made by the zonal method (Welch, 194-8). 
In this method,fbur evenly spaced horizontal strips were used. Start­
ing at one end of the top strip and moving the slide by means of the 
mechanical stage to the opposite end, and thus proceeding through each 
strip on the slide, every organism was identified and counted as it
—8—
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passed through the ruled field of the ocular micrometer grid. By 
this method, only approximately eight per cent of the drop was ana­
lyzed per slide and if any clumping occurred, the chance of getting 
a random count was enhanced. Organisms were identified and counted 
until the number 1000 was reached, but not more than 20 slides (80 
strips) were examined even if the number 1000 was not reached. In 
the latter case the numbers were numerically corrected to 1000. (Ta­
bles I and II). The number of sample bottles per collection was even­
ly distributed so that approximately the same number of organisms 
within the 1000 were counted from each sample. Thus if there were 
two sample bottles, a total of 500 organisms was counted from each. 
Each part of a colony or filament was counted as one unless the 
constituent parts were unable to exist by themselves as is true of 
many filamentous green algae. Organisms occurring in clumps were 
counted systematically by means of the Whipple Ocular Micrometer 
grid. If all the organisms in a given clump could not be identified 
because some were hidden from view, the count for the entire clump 
was omitted.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■DOQ.CgQ.
-10-
Table I
T3
CD
(/)
(/)
Plante found.in periphyton. Dates represent year, month, and day of 
collection. (*Wh*n it waa Impossible to distinguish betmeea Pragillarle 
and Synedra. the organism was labeled "PBaglnedrm*;jkRumbers nomerically corrected to lOOO).
8
( O '
3.3"
CD
CD■DOQ.Cao3"Oo
CDQ.
■D
CD
C/)
C/)
Marne of organism
Phylum Chlorophyta 
Order Ulotricbales 
Illothrix 
Coleochaete 
Order Zygnematales 
Mougeotia 
Sniroeyra 
Glosterinm 
Order Chlorococcales 
Scenedesmns
Phylum Cyanophyta 
Order Bormogonales 
Oscillatoria 
Anabaena
Phylum Ghrysophyta 
Order Eeterotrlchales 
Tribonema 
Order Pennales 
Suborder Pragilarineae 
Meridion 
Diatoms 
Fraaillarla 
*"Praginedra"
Èms&âEunotia 
Ceratonels 
Suborder Achnanthineae 
Acbnanthes 
Rholcosuhenia 
Cocooneis
C o l 0 . D af,e and N iim }e r  ( ;O un"W
-gtony...Sil.aa&. .Slum .SîsM. .s9pm,. msal. agzz. KOKj,! fffnLtrf muât i SVMSi minia rSR/Mf
1
1 .9sr ?. % 4
...k... 3 3 1 1 1 9
1 i ?.
< 1 1
. 1 1
7 py) 2 /T 1
1
i .
,T 1 0 a* 4 .77 \i (4 <k 1 4 II
1 1 % I f 1 3 ■ : 4 % \ 7
170 âïf P-f <=i% KM 599 jii 197 11'} Uf.7 (.JffT 4# JOS.. 47% /A 3Af 411
12. }4 9 R 4 1 /y 2.3. (?; 70 l| A4 *.... .-43—
K*134 k ; W lai \0l IW r / </; I<A f? fÿ fCfi 4S- 1 0 7 Ü0 WP **
2. 2 4 l\ 9 1 7 z % % 23 10 7? ? 7% 4 a&.. M I f da
3/4 f; ii.7.r
4
m o«}i lûf 30f 2 9 1 'f l n7 "47 ,.|D7. JU t... 4 4 k W
1 1 M / 1 1 / 4 z z 2. 11 II _ J L _ ---
1 1 /
— :f-
J d II u.. 4 .. l.,„ 1 \
73
CD■DOQ.CgQ.
■D
CD
C/)
C/ )
CD
8
i
3.3"
( D
-11-
Name of organisa (cont'd.)
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ORGANISMS COMPOSING THE PERIPHYTON
All the organisms found in the periphyton are listed in 
Tables I and II, There is a correlation between the prevalence of 
oligotrophia waters in western Montana and the prevalence of diatom 
flora. Therefore it is not surprising to find that diatoms are the 
dominating organism in the periphyton recorded. Members of the Pro­
tista were found in greater numbers in fresh collections than in pre­
served collections, so it is believed that many were distorted beyond 
recognition or disintegrated by the preservative. Bacteria and fungi 
were not included in the counts.
Both Table I and Table II show the variety of organisms 
found in the periphyton. Of the 57 different categories of organisms 
found, 21 were diatoms. Numerically -speaking, only 11 genera of dia­
toms plus the Chironomidae were fcund with enough frequency to plot 
seasonal fluctuation.
ORGANISMS DEMONSTRATING SEASONAL FLUCTUATION 
Out of 57 orders and genera found in the periphyton, only 
13 occurred in at least half of the collections and could therefore 
be plotted for seasonal fluctuation. These were plotted graphically, 
and by using the "Run Test" it was found that only seven of these 13 
showed seasonal fluctuation which was statistically significant. Any 
point which fluctuated at least two standard deviations above or be­
low the mean was plotted. Free hand curves were then Interpolated
—13—
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Graph I
Genera showing seasonal fluctuation.
J an Feb Mar Jun Oct Nov Dec
Achnanthes
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Méridien
Aug Sep Oct Nov DecJunMarJan
Eunotla
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Graph I (cont'd.)
Jan Feb Mar Jun
Cymbella
J an Feb Mar Oct Nov DecJun
Navicula
Oct Nov DecJun
Cocconeis
Oct Nov DecJunMarJan
Rhoicosphenia
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Graph II
Genera occurring in at least half the collections but not showing a 
significant seasonal fluctuation. (*When it was impossible to distin­
guish between Fragillaria and Synedra. the organism was labeled 
"Fraginedra").
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec
Fragillaria
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Chironomidae
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Graph II (cont’d.)
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Synedra
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Cvclotella
Oct Nov DecJan Feb Mar Jun
•Fraglnedra"
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Graph II (cont'd.)
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Gomphonema
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through the points. (Graphs I and II). Genera which occurred most 
frequently and in the greatest numbers did not necessarily show sea­
sonal fluctuation. For example, Fragillaria. Achnanthes. Synedra. 
and Gomphonema are listed in order of abundance. Of these only 
Achnanthes shows seasonal fluctuation.
COMPARISON OF THE MOST ABUNDANT WITH THE LEAST ABUNDANT 
The three genera which occurred in the periphyton with the 
greatest frequency were usually found in filaments or colonies. This 
was especially true of Fragillaria. In this study each part of a fila­
ment or colony which could exist by itself was counted as one. Genera 
which usually grew in filaments or colonies appeared as the dominant 
forms. However, Welch (194-8) uses a method of counting whereby the 
entire colony or filament is counted as one. For comparison of the 
two methods, see Table III.
TABLE III
Comparison of numbers: a) each part of a filament or colony was 
counted if it could exist by itself, and b) each entire filament 
or colony was counted as one.
590319 a b 590601 a b
Fragillaria 258 47 Fragillaria 781 46
Achnanthes 27 21 Achnanthes 92 58
Synedra 26 18 Synedra 42 13
Gomphonema 16 16 Gomphonema 23 23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table IV
Population peaks in genera which occurred in at least half the collec­
tions, 2 designates a high peak; x designates a medium high peak,
(*When it was impossible to distinguish between Fragillaria and Synedra, 
the organism was labeled "Fraginedra") ,
Name of organism
Fragillaria X X X X X X X
^“Praginedra" X x
Synedr6 x x XX x x
Achnanthes X X  X X  x X
Meridion X X  X
Cocconeis X X X
Navicula x x x X X
Rhoicosphenia X X
Eunotia x X X X
Gomphonema X X x x x
Cymbella X X x X
Chironomidae x X x x X x
Cvclotella X X X
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table V
Temperature and light conditions: a) Temperatures taken at collecting 
area, and b) Local climatological data, U.S.Dept, of Commerce, Weather 
Bureau, Missoula County Airport.
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec
Temperatures taken at collecting area, — o— Water temperature, 
 Air temperature,*C.
-Q
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec
Local climatological data.-^—  Average monthly hours possible daylight.
 Average monthly hours actual sunlight.— o—  Average monthly
temperature,*F,(right ordinate).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-22-
Table VI
Growth of the Nasturtium plant,and water level at the collecting area.
%
- - Çrô eY) - sievn -• ^I'n^- Snr«))Vems - ■frô fin
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
Growth of the Nasturtium plant.
Oct Nov DecJunJ an Feb Mar
Water level at the collecting area.
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RESULTS
The methods of analysis used in this study were designed to 
find how each genus fluctuated in population relative to other genera. 
The number counted in each collection was kept constant, (1000), so 
that these relationships would show readily, (p. 7). Table IV shows 
that several genera usually had peaks at the same tlme> No one genus 
was so dominant that nothing else could exist. This can probably be 
explained by the very nature of periphyton.
Periphyton can live upon periphyton. New growth may kill 
older periphyton by shutting out light and nutrients, but it also 
holds some of the old growth onto the substrate. Since the siliceous 
frustules of diatoms never decay or disintegrate, a substrate which 
has been submerged a long time has a large amount of periphyton at­
tached. In the present study, in order to distinguish the living 
from the dead, the organisms should have been examined in a fresh 
condition immediately after the collections were made. Because the 
methods used did not permit this, seasonal peaks for genera in the 
above data are not completely accurate. The results actually show 
a list of genera in relative numbers which compose the periphyton 
at regular intervals during the year.
INFLUENCE OF THE CONDITION OF THE PLANT
The periphyton was greatly influenced by the condition of 
the Nasturtium plant. Table VI shows in a picture graph generalized 
growth patterns of the Nasturtium throughout the collecting year,
-23-
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From January through March, the only parts remaining of last year’s 
plants were the old stems which had been frozen in the winter and 
were beginning to decay. The stems were fairly thick and soft. In
April new growth started with a few green leaves. By May the stems
had become large in diameter and appeared waxy and smooth. Leaves 
were growing rapidly so that the plants extended out of the top of 
the water and the mat was expanding in breadth and height. In June 
and July a lush mat of narrow, mostly flowering stems extended a 
few feet out of the water with many new narrow stems growing toward 
the surface and with the older thick waxy stems deeply submerged. 
During these months the plants were in blossom. By the end of July 
and early August the flowers died and the mat began to sink down into 
the water. At this time the weather was hot and dry and the water 
level was low causing the portion of the plant above the water to 
turn yellow and dry up. From September through early December there
were only narrow waxy denuded stalks from which to collect. In Novem­
ber and December, the stalks froze and the mat receded even more. Near 
the end of December, stalks of larger diameter were again attainable, 
probably because the more narrow ones had disintegrated to such an ex­
tent that the lower larger stalks became exposed.
Many authors, (Pennak, 1946; Patrick, 1943; Round, 1953; 
Knudson, 1957), speak of a biannual population pulse for both diatoms 
and periphyton with a maximum in the spring and a submaximum in the 
autumn. This is usually correlated with available nutrients and often 
with temperature and light. In this study there was only one pulse.
It started in early January and continued through early May. It is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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doubt fui that light and water temperature could have had appreciable 
effect in the beginning of the pulse because in early January, the 
water temperature was at its lowest and the average length of daylight 
was relatively short. (Table V). However, continued growth was pro­
bably facilitated by increasing water temperatures and lengthening 
daylight throughout early May. Because temperature affects solubil­
ity of salts and bacterial activity, and light affects photosynthesis, 
these factors should be important. Also in the early months of the 
year the mat was submerged, thus producing minimum shade. Therefore 
available light could penetrate deeper into the water .than later in 
the season when the mat became thicker.
It is likely that the periphyton pulse found in the spring 
in this study was primarily attributable to the nutrients produced in 
the water by the decay of the Nasturtium plant and other organisms 
during the winter. Furthermore since the Nasturtium was not under­
going much photosynthesis, more carbon dioxide was available for 
plants in the periphyton. Through the process of decay, "decomposi­
tion bacteria" give off hydrogen sulfide, carbon dioxide, water, am­
monia, and other products. (Ruttner, 1954). The odor of hydrogen sul­
fide was especially prevalent in the spring. However, Welch (1952) 
states that "an odor resembling sulfuretted hydrogen is not a de­
pendable indication of the presence of hydrogen sulfide, since the 
odor may be distinct but the chemical test for the gas may show ne­
gative results".
In the spring when the thick old stalks disintegrated the 
amount of periphyton on them was great, whereas later in the year
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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when the new stems had a smooth appearance the amount of periphyton 
was reduced to an extremely small amount. This was especially true 
from early August through early December, In his "Limnological In­
vestigation of Periphyton in Douglas Lake, Michigan", Young (1945) 
states that the substratum has a definite effect on the periphyton:
"Surfaced of living and dead culms differ widely in phy­
sical features. Live ones have a waxen surface which is 
hydrofuge, slick, and easily cut with a knife. The dead 
culm has lost its smooth surface. It is soft, friable, 
flabby, and dark brown. Under magnification, cells were 
seen to be empty, whereas living tissue was abundantly fi­
brous, white and translucent. Black, or dark gray thread, 
probably the mycelia of fungi, had penetrated the empty 
cells of the dead culms. Their rough, easily penetrated 
surface provides a better substratum to which periphyton 
can adhere."
Probably a surface with some periphyton already attached would be one 
onto which organisms would more readily adhere than a surface which is 
smooth or slippery. It would be interesting to know if the presence 
of some organisms is necessary for the invasion of others, as is true 
of ecological succession in other communities,
EFFECT OF WATER LEVEL AND WATER MOVEMENT ON PERIPHYTON 
A graduated stick marked in inches was permanently fixed in 
the water at the designated collecting area in order to measure the wa­
ter level. Map II shows that this area was near a small current which 
was created by an inlet from across the road. In this inlet a beaver 
dam which was periodically opened by a farmer, caused fluctuations in 
the water level and in the speed of the current. At the north end of 
the slough there was a three foot spillway fixed at a certain height
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into an earth dam, which also regulated the water level.
Measurements of the water level were recorded every two 
weeks when collections were taken. Table VI shows that it fluctuated 
as much as twelve inches between two subsequent collections and a max­
imum of eighteen inches during the year. This probably produced con­
siderable effect on the amount and type of periphyters present on the 
Nasturtium plant.
Water movement influences the temperature, dissolved nu­
trients, chemistry of the water, gases, molar agents, and turbidity.
If local currents or other water conditions are changed, organisms can 
be knocked off, dried up, stimulated to grow, or new colonizing forms 
can become established. If silt and turbidity reduce the amount of 
light in sufficientquantities, motile forms often change position. 
However, most periphyters are not motile. Ruttner (1954-) suggests 
that while it is "adaptations for floating* which are characteristic 
of plankton organisms, it is the attaching ability which determines 
whether periphyters will be washed away by currents and waves. Peri­
phyters such as Achnanthes. Gomphonema. and Vorticella, which are 
equipped with a gelatinous stalk, are less affected by water movement 
than those organisms without holdfasts. Other organisms most often 
found in the periphyton have a sticky gelatinous envelope with which 
to cling to the substrate. Those not found so frequently in the peri­
phyton either do not find living conditions there suitable or have no 
mechanism with which to hold oh. Also, organisms like Cocconeis 
which are flat surfaced and grow parallel to the substrate produce 
less friction to water movement than ones which protrude and are moved
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back and forth with the water. Therefore they are more successful 
periphyters.
Another effect caused by water movement is the influence of 
the substrate on the periphyton, Per%byton living on plants is exposed 
to varying concentrations of carbon dioxide, oxygen, and pH because of 
the metabolism of the plant. According to Ruttner (1954), organisms 
in quiet water are surrounded by a closely adhering film of liquid 
which has become depleted of substances necessary for life. A current 
prevents suffocation by continuously removing this film and replacing 
it with water as yet unutilized.
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DISCUSSION
The interaction of many environmental factors affects the 
composition of periphyton. One factor cannot be considered by it­
self because each is dependent on the other.
One of the most important factors which influences periphy­
ton is the substratum. According to Ruttner (1954), living substrates 
such as the Nasturtium plant, compared with non-living substrates such 
as rocks, support different types of communities. On stones, the growth 
is crusty aad thick compared with the light flocculent growth on a plant. 
This is because of the transitory nature of the plant and the meta­
bolism of the plant as was discussed on page 28.
Studies have been made by Kreckner (1939) and Young (1945)
to compare growth on different living substrata. Kreckner studied 
seven species of submerged aquatic plants which were growing together.
Two of these supported a dense population, four had a fair population, 
and one had a negligible amount of organisms. Young took samples from 
Phragmites and Scirpus which were growing in the same habitat. Phragmites 
supported more growth of filamentous algae and the amount of periphyton 
was greater than on Scirpus. Also, on Phragmites there was more growth 
near the bottom, whereas on Scirpus it was found in the upper levels
near the water surface. Because the habitat was the same for both
plants, the substratum was the only factor introducing variability. 
Neither Young nor Kreckner gave explanation as to the reason for the 
differences found. However, the condition of the stem surface as
—29"“
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explained on page 26 was undoubtedly the principal reason.
There is also a variability introduced on different parts 
of the same plant. Some periphyton organisms prefer to live on top , 
of the leaves, others underneath the leaves. In addition, different 
types of communities may be found on the same stem, some near the sur­
face and some farther toward the bottom.
Physical conditions have direct influence on the biota of 
a body of water. The size and morphometry of the slough, as well as 
its location, directly influence other physical conditions such as 
temperature, light, turbidity, and water movements. For example, in 
a large volume of water, the water takes a longer time to warm than 
it does in a smaller volume of water. Neither is the temperature so 
strongly influenced by springs in a large body of water as it is in 
a smaller body of water such as the slough in this study. Also, the 
shape of the body of water may be such as to allow winds to create 
waves, or its location may be such that there is a strong current go­
ing through. If it is deep or well shaded, light becomes a limiting 
factor.
Temperature is usually a very important factor. The respi­
ration rate of organisms increases as the temperature of the water 
increases. Therefore in warmer waters, aquatic organisms have a grea­
ter daily food requirement than they do in colder waters. (Welch, 
1952). In other words, the same amount of food will support more 
organisms in colder regions than in warmer ones. Pearsall (1930) 
and Douglas (1953) have said that changes in diatom populations can­
not be justifiably correlated with temperature. Rather, they must
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be dependent upon factors operative during cold weather. For example, 
as temperature decreases, water can contain an increasing amount of 
oxygen before saturation is reached. Also, in view of the fact that 
there is a greater amount of dissolved carbon dioxide and nutrients 
available in the slough in early spring (p. 25), these are the most 
justifiable explanations for the population pulse occurring during 
the coldest part of the year.
For many aquatic organisms, light responses differ with 
their physiological condition, age, time of day, the season, and photo- 
synthetic relations, Whipple (1927) reports that sunlight seems to 
devitalize diatoms with the exception of Synedra. The rate of pho­
tosynthesis often increases with increased light intensity when 
carbon dioxide and temperature are not limiting factors. The devi­
talizing effect of sunlight seems to be opposed by its beneficial 
photosynthetic action. However, rates of photosynthesis differ in 
different plants and high concentrations of sunlight are sometimes 
lethal, (Welch, 1952), The periphyton pulse in this study started 
when the daily light duration was very low, (Table V). However, 
when the hours of daylight were long in June, the amount of periphyton 
dropped except for Synedra (see above) which had a high population 
peak in June, (Table IV). The fact that carbon dioxide and nutrients 
were being used in large quantities by the Nasturtium plant at this 
time, plus the fact that diatoms were devitalized by the intensity of 
sunlight may have caused a corresponding decrease in the amount of peri­
phyton, However, the Nasturtium plant was shading the water more than 
usual in June, Therefore the cause was not just light, but possibly a
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combination of factors.
Chemical conditions in water are extremely complex and im­
portant, The richer the water is chemically, the more productive it 
will be. Some of the most important chemical conditions are considered 
briefly below.
Almost all organisms are in some way dependent upon dissolved 
oxygen for survival. There are only two sources of dissolved oxygen;
1) from the atmosphere directly through the exposed surface of the water 
and 2) from photosynthesis of chlorophyll-bearing plants. The former is 
accomplished either by diffusion or more effectively by surface-water 
agitation. (Welch, 1952). In the slough, surface-water agitation was 
negligible. However, both sources were effective.
The principal causes of oxygen decrease in water are the fol­
lowing: (Welch, 1952). 1) Respiration of animals, 2) Decomposition of 
organic matter, 3) Bubbling of other gases out of the water. A gas 
may be entirely removed from a solution by bubbling another gas through 
it. Often decomposition gases bubble up from the mucky part of the bot­
tom of the slough, thus robbing the water of its dissolved oxygen. A) 
Oxygen consumption goes up as temperature rises, and 5) Oxygen escapes 
through the surface as temperature rises, therefore reducing availa­
bility. (p. 31).
Carbon dioxide is one of the most important substances in 
the life of organisms. It has been stated that in one sense "carbon 
dioxide is the basis of all living substance". (Welch, 1952). However, 
the amounts and circumstances are very important.
The sources of free carbon dioxide are: 1) Directly from
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the air. Free carbon dioxide is very soluble in water. 2) Decompo­
sition of organic matter. 3) Respiration of animals and plants. Car­
bon dioxide also occurs in an insoluble form known as bound carbon 
dioxide. It cannot be used unless converted into sdkible bicarbonates 
which are known as half-bound carbon dioxide. According to Brunson, 
Baker, and Potter, waters in western Montana are known to have 90 
ppm total carbonate content.
According to Welch (1952), the exact nature of the hydro- 
gen-ion concentration is little understood, but he believes it is no 
longer considered to be a significant limiting factor. Organisms re­
spond differently in their reactions to varying amounts of hydrogen- 
ion concentrations. The pH of the slough varied from 7.0 to 8.3. 
Other waters in western Montana which have supported a comparable 
growth of diatoms have also had a similar pH.
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SUMMARY
Periphyton was studied from an aquatic plant which was 
growing in a slough fourteen miles east of Missoula on the south side 
of the Clark Fork River. Bimonthly collections were taken over a 
period of one year. Determinations of the water level, water move­
ment, hydrogen-ion concentration, water and air temperatures, and 
other meteorological data were also made. The study of the relative 
periodicity of the organisms in the periphyton revealed 57 categories 
of organisms, 21 of which were diatoms. Only seven of the 57 showed 
seasonal fluctuation which was statistically significant. Fragillaria. 
Achnanthes. and Synedra. were the dominant genera found. A periphyton 
pulse which started in early January and continued into early May was 
primarily influenced by the aging of the plant, increased availability 
of nutrients, and increased amount of gases dissolved in the water.
-34-
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EXPLANATION OF FIGURES 
(Drawings were done with a camera Zucida).
1. lïaglllaria; a. 540X, b, 536X, c. 560X, d. 500X, e. 5A5X
2. Synedra: a. 555X, b. 627X, c. 600X, d. 586X, e. 611X, f. 605X, g. 600%
3. Achnanthes: a. 500X, b. $00X, c. 500X
4. Cvclotellai a. 555X
5. Gomphonema: a. 600X, b. 600X, c. 5832, d. 560X, e. 560X
6. Méridien: a-d. 700X, e. 550X, f. 537X
7. Rhoicosphenia: a. 560X
8. Eunotia; a. 580X, b. 560X
9. Cvmbella; a. 583X, b. 880X, c. 600X, d. 621X
10. Navlcula: a. 652X, b. 595X, c. 615X, d. 620X, e. 614X
11. Ceratoneis: a. 625X
12. Cocconeis; a. 628X
13. Diatoma: a. 604X, b. 56OX, c. 600X, d. 550X, e. 550X, f. 6OOX
14. Epithemia: a. 607X
15. Nitzschia: a. 580X, b. 342X
16. Gyrosigma: a. 625X
17. Surirella: a. 625X 
IS. Rhopalodia: a. 6002
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